The Arg>Pro polymorphism in codon 72 of p53 gene is known to affect the susceptibility of cervical cancer differently in different population worldwide although information regarding its role in determining survival status and disease outcome in patients is lacking. The present study was conducted to determine the genotype frequency and prognostic role of p53 codon 72 Arg>Pro polymorphism in patients with advanced stage cervical cancer in India.
Cervical cancer is the third most common cancer among women worldwide. In India, with an estimated 1,34,000 (27%) new cases, with mortality of 72,000 in 2008, have made it the leading cause of gynaecological cancer related deaths 1 . Human papillomavirus (HPV) infection is established as the major aetiological cause for cervical carcinogenesis. As reported in our previous study in a group of Indian women with advanced stage cervical cancer, 95 per cent of the cases were HPV positive, with the two high-risk HPVs -HPV16 and/ or HPV18 being most prevalent 2 . The E6 and E7 oncoproteins encoded by HPV16 and HPV18 bind and functionally inactivate the tumour suppressor proteins -p53 and Rb, respectively, thereby disrupting Quick Response Code:
G1 arrest during DNA damage and possibly leading to carcinogenic transformation of the cervical epithelium following HPV infection 3 .
Although infection with HPV has been established as the major aetiological reason for cervical carcinogenesis, only a few of the women infected with HPV develop cancer in their lifetime 4 . This suggests probable involvement of genetic cofactors in the development of cancer. The p53 gene exon 4 codon 72 Arg>Pro polymorphism has long been investigated for its association with the risk of cervical carcinogenesis [4] [5] [6] . A sequence change from CGC to CCC of p53 gene at codon 72 results in either Arg72 or Pro72 protein variants, both of which act as wild type but with different primary structures and biochemical functions 7, 8 . According to the hypothesis by Storey et al 5 , the p53Arg variant is seven times more susceptible to E6-mediated ubiquitindependent proteolysis than the p53Pro variant. It has been shown that women homozygous for arginine are at a higher risk of developing cervical cancer than the heterozygous ones 6 . On the contrary, there are studies that refute any association of this polymorphism with cervical cancer susceptibility 7 ; yet others have found the p53 Pro/Pro genotype to be more hazardous than Arg/Arg for the development of the disease 4 . The p53Arg variant has been found to be about five times more susceptible to apoptosis than Pro variant due to its greater ability to localize in the mitochondria, thereby resulting in enhanced ubiquitination by an E3 ubiquitinprotein ligase (MDM2) 8 . It has been suggested that tumour cells with mutations resulting in reduced p53-dependent apoptosis are less vulnerable to chemo/ radiotherapy (RT) and hence are more aggressive 9 . This can be correlated with the possibility that patients carrying Pro allele (which are less liable to apoptosis as compared to Arg genotype) might have a better prognosis following chemo/radiotherapy. However, there are only a few studies that support the effect of this polymorphism on the survival of patients with the disease [10] [11] [12] [13] . Therefore, the aim of the present study was to analyze the frequency of p53 codon 72 polymorphism in cervical cancer patients with advanced stage (FIGO stage IIIB) of the disease. It was also proposed to determine the association of this polymorphism, if any, with the disease outcome, either independently or in combination with HPV infection.
Material & Methods
The study population included 107 Indian women with histologically proven, advanced stage cervical cancer (FIGO stage IIIB) who received radical RT or concomitant chemoradiation (RT+CT) at the Radiation Oncology Department of Tata Memorial Hospital, Mumbai, India, from August 2003 to November 2010. The HPV status of 83 of these 107 patients was known from an earlier study 2 . One hundred and seven pre-treatment cervical cancer biopsies and 19 paired blood samples (selected randomly) were included in the study after approval from the Hospital's Institute Ethics Committee. The tissue specimens were coded to maintain confidentiality and were frozen in liquid nitrogen and stored at −80°C until use. All the patients were followed up from the day the treatment began and the time when recurrence occurred, or till the patient's last visit to the clinic, which was taken as the termination date for follow up. Follow up was done once every three months in the first year, 4-6 months between second and fifth years and annually subsequently. The follow up evaluation consisted of pelvic examination and appropriate investigations including tissue diagnosis to establish recurrence and extent of it.
DNA extraction and p53 genotyping at codon 72:
Genomic DNA was isolated from 107 tumour and 19 blood samples by standard phenol-chloroform method 14 . The samples were genotyped at the p53 codon 72 locus by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method. For this, genomic DNA was amplified using primers as described by Xu et al 14 .
A 279 bp segment of the p53 gene was amplified in a 25 µl reaction mixture containing 60 ng of genomic DNA, ×10 PCR buffer, 0.6 mM MgCl 2 , 0.2 mM deoxynucleotide triphosphates (dNTPs), 0.2 µM primers and 1.5 units Taq DNA Polymerase (Thermo Scientific, USA). PCR cycling conditions used were initial DNA denaturation at 94°C, followed by 30 cycles of DNA denaturation at 94°C for 30 sec, primer annealing at 60°C for 30 sec, primer extension at 72°C for 30 sec and a final extension at 72°C for 10 min. By comparison of the band intensity with the standard O'GeneRuler 100 bp DNA Ladder (Thermo Scientific, USA), approximately 500 ng of the PCR product was subjected to restriction digestion with 10 units of BstUI restriction enzyme (New England Biolabs, USA) for two hours at 60°C. The digested products were resolved on 2 per cent agarose gel containing ethidium bromide, and the p53 genotype at codon 72 was identified by the band pattern Statistical analysis: Statistical analysis was done using SPSS software (IBM SPSS Statistics, version 21.0, Armonk, NY, USA). The association of p53 codon 72 polymorphism with the clinical parameters/ characteristics was carried out using Chi-square test. Survival probabilities were plotted using Kaplan-Meier method and compared using log-rank test. Overall survival (OS) was defined as time from registration of the patient to the clinic till death due to any cause or the last follow up and recurrence-free survival (RFS) as time from registration till recurrence or death due to disease or the last follow up. Multivariate analysis was carried out using Cox proportional hazard model to identify the factors that predicted survival.
Results
A total of 107 pre-treatment cervical tumour biopsies and 19 matched blood samples selected randomly from patients of Indian origin (median age, 49 yr; age range, 33-80 yr; IQR, 40-55 yr) were included in the study. The clinicopathological characteristics of the patients are given in Table I . Of the 107 patients, 52 received RT alone and 55 were treated with RT+CT. More than three years of follow up data (median follow up, 5.2 yr; range, 3.7-7.0 yr; IQR, 4.6-5.8 yr) were available for these patients. Sixty one patients developed recurrence of the disease while the remaining patients were disease free at the last follow up.
P53 codon 72 genotyping:
The DNA from the patients was genotyped at codon 72 locus of p53 for Arg/ Arg, Arg/Pro and Pro/Pro genotype using PCR-RFLP method (Table II) . The genotypes of randomly selected 18 tumour samples and 4 paired blood samples were also confirmed by Sanger sequencing (data not shown). The genotypic frequencies of p53 codon 72 locus (Table II) were in accordance with the HardyWeinberg equilibrium distribution (χ 2 = 0.006946).
Role of p53 codon 72 polymorphism in cervical cancer
prognosis: Kaplan-Meier survival curves were plotted for OS and RFS to study the effect of p53 codon 72 polymorphism on disease prognosis. The median OS and RFS of the patients were 3.2 [95% confidence interval (CI); 1.9-4.5 yr] and 3.2 years (95% CI; 1.9-4.6 yr), respectively. No significant differences were observed in the OS and RFS of the patients with the three genotypes (Fig. 1A, B and Table III) . To determine the significance of individual alleles in the survival of the patients, the OS and RFS of Pro-allele carriers (Pro/Pro + Arg/Pro) were compared with those of Arg homozygous individuals and also of Arg allele carriers (Arg/Arg + Arg/Pro) with Pro homozygous individuals. In both the cases, homozygous Pro and Pro carrier women had a slightly poor prognosis than women with Arg homozygous genotype, but the difference was not significant (Fig. 2 and Table III) .
HPV typing of 83 of these samples was available as part of a previous study from our laboratory 2 . This information was used for multivariate analysis using Cox proportional hazard method. This however, was not found to be significant (data not shown).
Discussion
The p53 codon 72 Arg>Pro polymorphism has been studied extensively for its association with the risk of cervical carcinogenesis. Reports stating the over-representation of homozygous Arg in cases as compared to controls in lung cancer 15 , head and neck cancer 16 and breast cancer 17 suggested its role in cancer susceptibility, whereas studies in other cancers such as chronic myeloid leukaemia 18 and nasopharyngeal carcinoma 19 reported association of Pro/Pro genotype in cancer development. Overall, this difference might be due to differences in sample size and methodologies used in these studies, or variation in the ethnic distribution of this polymorphism.
The present study was conducted to study the effect of p53 codon 72 polymorphism on the disease outcome Table I .
The association of p53 codon 72 polymorphism with disease prognosis differs in different cancer types. Studies in cancers such as breast 14 , lung 15 , head and neck squamous cell carcinoma 21 , colorectal cancer 22 and multiple myeloma 23 indicated Arg/Arg genotype to be beneficial for survival. A report on nasopharyngeal carcinoma indicated Pro/Pro genotype to be of prognostic value 24 . However, several other studies questioned the involvement of this polymorphism in disease outcomes or response to therapies 25, 26 . A study in Brazilian population by Brenna et al 10 reported Arg/Pro genotype to be associated with good clinical outcome and Arg/Arg genotype with decreased survival time in cervical cancer patients. These investigators did not find any Pro/Pro genotype in their study population. Contrary to this report, in our study, we observed no correlation between the three different p53 genotypes with OS as well as RFS in a group of advanced stage cervical cancer patients. Our observation, however, corroborated with other reports [11] [12] [13] 27, 28 where no significant correlation was observed between codon 72 polymorphism and cervical cancer prognosis.
Though no significant differences in OS or RFS were observed in our study, the Arg allele was slightly more favourable for survival as compared to Pro allele. These results were in agreement with studies in other cancers such as breast cancer 14 , lung cancer 15 , multiple myeloma 23 and colorectal cancer 22 . Our findings were also consistent with the finding of Dumont et al 8 that apoptosis was more efficiently induced by the Arg72-p53 isoform as compared to the Pro72-p53 one. This superior activity of Arg72-p53 variant was also reflected in an in vivo study by Sullivan et al 21 who showed more favourable outcomes following chemo-RT in the advanced stage head and neck cancer patients expressing Arg72 variant of the protein as compared to the Pro72.
The HPV-dependent effect of this polymorphism on patient's OS and RFS, in multivariate analysis, also revealed no significant results which was in concordance with other similar studies on cervical cancer 11, 13 .The probable reason for the insignificant difference in the relapse time among the three genotypes, whether analyzed individually or in combination, might be the advanced FIGO (International Federation of Gynecology and Obstetrics) stage IIIB of the disease and lower sample size in each subgroup. A study 29 has reported FIGO staging as important and independent prognostic factor for disease-free survival and OS of cervical cancer patients.
In conclusion, our study showed that p53 codon 72 polymorphism might not be an independent and significant predictor of survival outcome in advanced stage cervical cancer patients of Indian origin. However, this finding needs to be tested in a larger cohort. 
